Addition of bioactive materials such as Titanium oxide (TiO2), and incorporation of bio inert ceramic such as alumina (Al2O3), into polyetheretherketone (PEEK) has been adopted as an effective approach to improve bone-implant interfaces. In this paper, hot pressing technique has been adopted as a production method. This technique gave a homogenous distribution of the additive materials in the proposed composite biomaterial. Different compositions and compounding temperatures have been applied to all samples. Mechanical properties and animal model have been studied in all different production conditions. The results of these new TiO2/Al2O3/PEEK biocomposites with different compositions were promising, mechanical properties within the range of human cortical bone, suitable for load bearing applications. At the same time, in vivo test shows no inflammation reaction with implanted samples. Sustained viability in contact with the sample over seven-day period, showed evidence of excellent biocompatibility in injured rejoins.
Introduction
Defects in bones, can arise duo to human such as, trauma, infection, tumors, or bone damages. Most therapies for bone defects are based, on autografts or allografts. [1] Many investigations were taken place, to develop biomaterial systems which can be used to repair or replace, natural bone just in case of complicated fracture, previous folks suffer from accidently, fractures, and bone cancer patients [2] At present, bone grafts and replacement, poses challenge to develop biomaterials for scaffold applications" This might be achieved via any of either, endogenous or exogenous materials: auto graft, allograft or a xenograft" [3] Any proposed biomaterial system for such application, should possess biocompatibility, less inflammation effect, and suitable mechanical properties that should be very close to, natural bone properties to avoid stress shielding, effect which take place when the modulus of elasticity, for biomaterial exceeds that of natural tissue, [ 4] Poly (ether-ether-ketone) (PEEK) is considering a semi-crystalline, thermoplastic with excellent biocompatibility (fibroblasts and osteoblasts), and as very suitable mechanical properties (strength, stiffness), and superior thermal stability. Modulus of elasticity for PEEK is similar to that of cortical bone, which can reduce stress shielding following implantation. It is also, radiolucent which permits radiographic assessment. The combination of these optimal, properties has made PEEK of great potential for orthopedic application [ 5] All previous studies suggest that the n-TiO2 composites have high biocompatibility because of the excellent bioactivity of TiO2 nanoparticles in composites and the morphological properties for the TiO2 particles [6] It is believed that TiO2 nanoparticles have higher bioactivity, than conventional (micron) particle sizes. When exposed to Nano phase TiO2 particles, osteoblasts and chondrocytes show a well spread. [7, 8] Hence, ceramic oxides or metallic dispersions are introduced as reinforcing agent. Among the ceramic reinforcement, alpha-Al2O3 has been utilized in orthopedically application because of its glorious wear resistance, [ 9] One of the most important issues to be considered, in suggested biomaterials for bone autograft and allograft is their mechanical, properties and their distribution within prepared biomaterial.
In vitro and in vivo testing must take place in order to determine whether a newly developed implant material conforms to the requirements of biocompatibility, mechanical stability and safety. In vitro test results can be difficult to extrapolate, to the invivo situation. For this reason the use of animal models is often an essential step in the testing of orthopedic and dental implants. [10] [11] [12] In the present study, TiO2/PEEK Nano composites were synthesized for orthopedic application. Alumina used in Nano size to modify mechanical properties for implants. Mechanical properties evaluation has been applied to evaluate implants rather than direct implantation using animal model. Histology path used to analyze biocompatibility and inflammation effect for implants within host tissue environment. [13] 
Materials and Methods

Materials
PEEK powder have an average particle size of 10µm,, with a nominal density of 1.3 g/cm 3 supplied by Right Fortune Industrial, Limited (Shanghai, China) were used as polymeric matrix.TiO2 and Al2O3 were used as ceramic fillers, TiO2 (99% pure) having 40 nm average particle size and a 4.23 g/cm 3 particle density , while α-alumina powder has an average, particle size of 10nm and a density of (3.890 g/cm 3 ). Both ceramic powders were supplied by M.K. Nano (Toronto, Canada).
Preparationof nTiO2/Al2O3/ PEEK Composite
A process involving mixing and hot pressing molding were used to prepare the composite samples containing 10 vol%TiO2/PEEK,20vol% TiO2/PEEK, 10 vol% TiO2/5 vol% Al203/PEEK, and 20 vol% TiO2/5 vol% Al2O3/PEEK.
The PEEK, nTiO2, and n Al2O3 powders were mixed in High-Speed Vibrating Ball Mill at a mixing speed of 500 rpm for 1 hour.
Hot pressing technique was used to prepare samples with 80 MPa compression pressure at different compounding temperatures, (370,380,390, and400C°).
Mechanical Properties
The mechanical properties for all samples have been measured by Instron material testing machine at0.1 mm⋅min -1 speed. The optimal filler content has been determined by evaluating the mechanical properties of the nTiO2/Al2O3/PEEK composites with different filler contents, which was 20 vol% TiO2/5 vol% Al2O3/PEEK, all other experaments were done depending on optimal composition.
Animals Model
Eight male (Albino rabbits) having a weight of (2.8-3.2 kilograms) and have an ages ranging between sixteen to twenty weeks have been used. A circular defects with a diameter of eight millimeter were made in each animal limb, the rabits were divided into four groups and an empty control group.
The animals were sacrificed after different periods (2,4,6, and 8weeks) after surgery. The rabbits head were hair removed and disinfected (by using povidone iodine) prior to local anaesthetic, injections at the surgical site (using 2.2 ml Lidocaine Hydrochloride 2% with adrenaline 1:80,000). Standardized round defects (4number with8 mm in diameter) were created. The holes were filled with the implants. The flaps were repositioned and sutured. The animals were sacrificed at different periods (2, 4 ,6, or 8 weeks) after surgery.
Histologic Processing
Bones were processed for light -microscope histology to establish their histogenesis by using the histokinate. This processing involve the following steps: 1-Dehydration: is the removal of all extractable water by alcohol upgrading starting from 70%, through absolute alcohol (70% ,80% ,90%,and 100%), twice for 2hours each time for each step to improve complete dehydration.
2-Clearing: As a dehydrator is removed, the tissue cleared, becoming translucent by using of xylene twice for 1.5 hour for each time. 3-Impergnation: Is the complete removal of xyline by substitution of paraffin penetration through the tissue, used twice for 2 hours each time in paraffin bath adjusted on 58C. 4-Embedding: The processed tissue was oriented in melted paraffin, which provides affirm medium for keeping intact all parts of the bone tissue when sectioned. 5-Cutting: serial paraffin sections of 6-8 um were cut by using rotary microtome. 6-staining of histological sections, routine histological stain of Harris hematoxylin and Eosin stain.
Results and Discussion
Mechanical Properties
Measured mechanical properties for implants as comparison with that of natural bone are listed in table 1. Figures 1-3 show the relationship between compounding temperature vs.
Modulus of elasticity, tensile strength, and compressive strength respectively.
Results for mechanical properties show very close values with that for natural bone which give great indication about proposed composite, as promising replacement for natural bone especially in case of victims of wore , care bombing,and old aged people in Iraq and other countries. These findings indicate also that the effect of stress shielding is very limited here [14, 15] which will nominate proposed biomaterial as suitable replacement for damaged natural bone.
In Vivo Test Results
Histological path for implants are shown in figures 4-8. These figures show that, the healing process for all surgery places was without any abnormal bleeding or infection. In the same time no inflammation evidence were. Very small amount of the formation of new bone was observed in the control group. All defects were naturally filled by the brain tissues as well as, the overlying periosteum. Normal growth were noticed in all implants which give strong indication that this biocomposite system can be used significaly in bone repair and replacement. 
Conclusions
From listed results we can conclude that TiO2/Al2O3/PEEK composites can be a suitable replacement choice in case of complex fractured bone when natural tissues cannot restore their normal structure,rather than ability to use such a biomaterials in artificial limbs manufacturing because of their superior mechanical and biological properties. Best mechanical properties were achieved at 20vol % TiO2 / 5 vol % Al2O3 / PEEK.
Animal model shows very suitable biological response for implanted samples which is a strong indication about biocompatibility for the proposed biocomposite system.
